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[57] ABSTRACT

Graded composition protective layers are prepared for
water soluble optical elements. The two materials
forming the graded composition protective layer are
vapor deposited in the presence of a third vapor which
does not react or co-deposit with the two materials.
The third vapor inhibits decomposition of one of the

two materials by reducing the vapor temperature of the
other material.

11 Claims, 3 Drawing Figures
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PREPARATION OF GRADED COMPOSITION
PROTECTIVE COATINGS - -

ORIGIN OF THE INVENTION

The present invention was made under a contract
with the Department of Defense. :

REFERENCE TO CO-PENDING APPLICATIONS

Reference is made to a co-pending application now
U.S. Pat. No. 3,959,548 by Enrique Bernal G., entitled
“Graded Composition Coating for Surface Protection
of Halide Optical Elements”, which was filed on even
date (Oct. 16, 1974) with thlS application, and which is
assigned to the same assignees as this appllcatlon

BACKGROUND OF THE INVENTION

This invention is concerned with surface protection
of halide solids. In particular, the present invention is
concerned with the surface protection of water soluble
halide solids for use as optical components in infrared
systems. |

One of the more critical problems encountered in the
development of high power infrared lasers is the devel-
opment of laser windows which are highly tranSparent
to laser radiation at 10.6 microns and at 3 to 5 microns.
At the present time, considerable research effort has
been devoted to the development of laser windows
from the so-called covalent compounds consisting typi-
cally of II-VI compounds such as cadmium telluride,
zinc telluride, and zinc selenide. The need for 1mproved
laser window materials, however, is well known. See,
for example, F. Horrigan, et al, “Windows for High
Power Lasers” Microwaves, page 68 (January, 1969);
M. Sparks, “Optical Distortion by Heated Windows 1n
High Power Laser Systems”, J. Appl. Phys., 42 15029
(1971).

The need for improved laser wmdows IS based on the
extremely high laser power throughput required and
the fact that laser windows constitute structural mem-
bers. In order to maintain high throughput and mini-
mize adverse effects, the amount of energy transferred
to the window must be kept low. Laser beam energy
can be transferred to the window in two ways: heating
of the window caused by either bulk or surface absorp-
 tion of the beam, or direct conversion of the beam
energy to mechanical energy by brillouin scattering or
electrostriction. This energy transfer produces several
undesirable effects such as lensing and birefringence,
which result in degradation of beam quality and polar-
ization. In extreme cases, severe thermal stresses can
be produced in the windows. These stresses, which are
further aggravated by the fact that the windows are
mounted in a cooling clamp, may lead to fracture of the
windows.

The low absorption coefficients of the hahdes make
then outstanding candidates for optical components in
infrared systems. The alkali halides exhibit low absorp-
tion from the near ultraviolet to beyond 10.6 microns,
and the alkaline earth halides exhibit low absorption in
the 2 to 6 micron region. Furthermore, because the
temperature coefficient of the index of refraction and
the coefficient of thermal expansion have opposite
signs, the two effects tend to compensate optical path
changes due to temperature, making these materials
useful in applications in which heatlng by a laser beam
is anticipated.
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Two fundamental problems with the halides, how-
ever, have limited their use as high power laser win-
dows. First halide crystals have low yield strengths and
are highly susceptible to fracture. Second, many ha-
lides, in particular the alkali halides, are water soluble
and cannot, therefore, be used in humid environments..

The first problem has recently been overcome. Tech-
niques for strengthening halides by hot working with-
out altering their optical properties have been devel-
oped. These techniques are described in U.S. Patent
Applications Ser. No. 634,394 filed Nov. 24, 1975
which is a continuation of Ser. No. 445,371 filed Feb.
25, 1974 and now abandoned; Ser. No. 619,264 filed
Oct. 10, 1975 which is a continuation of Ser. No.
445,394 filed Feb. 25, 1974 and now abandoned; and
Ser. No. 617,350 filed Sept. 29, 1975 which is a contin-
uation of Ser. No. 445,393 filed Feb. 25, 1974 and now
abandoned. These patent applications are assigned to
the same assignee as this application.

Despite extensive research efforts, the second prob-
lem, surface protection, has not previously been satis-
factorily overcome. Conventional coating methods for
sealing the surface of the halide solid from environmen-
tal humidity have generally failed for one of two rea-
sons. First, the coatings delaminate during thermal
cychng because of differences of coefficient of thermal
expansion between the coating material and the sub-
strate. This is a serious problem because the large coef-
ficient of thermal expansion of halides tends to result in
coatings that are in tension. It has not been uncommon
for the protective coating to peel off of a halide window
during use. Second, the coating material is sufficiently
opaque in the infrared to negate the extremely low
optical loss which makes the halides attractive.

In the previously mentioned co-pending application
now U.S. Pat. No. 3,959,548 by Enrique Bernal G.
entitled *“Graded Composition Coating for Surface
Protection of Halide Optical Elements”, the shortcom-
ings of the prior protective coatmgs have been over-

come. The protective layer taught in that application

comprises an alloy of a first water soluble, halide mate-
rial and a second material which is essentially insoluble
in water. The composition of the protective layer varies
from essentially the first halide material at the interface
of the protective layer and the body to be protected, to
the second material at the opposite surface of the pro-
tective layer.

Initial experiments which attempted to prepare pro-
tective layers of the type described by Enrique Bernal
G. utilized thallium iodide (TIl) — potassium chloride
(KC1) protective layers on KCIl substrates. Thalllum
iodide was chosen as the second material because it has
a very low absorption coefficient at the wavelengths of
interest ( 10.6 microns) and is essentially water insolu-
ble.. Graded composition TII-KC] protective layers
were prepared on KCI substrates by vapor deposition.
KCl and TII were co-deposited in a vacuum from two
independently heated crucibles. KCl alone was first
deposited onto a cleaved single-crystal KCl substrate at
room temperature. After a period of time, the KCl
deposition was reduced to zero. During this transition
interval the TII deposition was smoothly increased to its
predetermined steady state value and maintained for
the remainder of the deposition run.

The films prepared by this method exhibited absorp-
tion coefficients at 10.6 microns of about 25 cm™. This
was much higher than for pure TII films discretely de-
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posited on KCl, which had exhibited absorption coeffi-
cients of less then 1 cm™ at 10.6 microns. -

| SUMMARY OF THE lNVENTION

It has been discovered. that the problem of absorptlon
in the alloy films which was higher than in pure thal-

lium iodide films was due to a halogen deficiency in the
alloy region of the protective layer. It was then hypoth-
esized that the halogen deficiency was due to the differ-
ence in temperature between the relatively hot (475°
C) KCl vapor and the relatively cool (250° C) TII va-
por. The KClI vapor, during the condensation process,
apparently was causing the TII to decompose.

This problem has been overcome by the method of
the present invention. The present method is apphcable
to any vapor deposttion process in which an alloy of a
first and a second material is to be deposited and in
which the vapor temperature of the first material is
high enough to cause decomposition of the second
material. In the present invention, decomposition is
inhibited by vapor depositing the first and second mate-
rials in the presence of a third vapor which does not
react or co-deposit with the first and second materials.

- BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows composition as the function of thick-
ness for a graded eomposition layer of TlI- l(Cl in which
KCl and TII were deposited in a vacuum.

FIG. 2 shows composition as a function of thickness
for a graded composition TII-KCl layer in which KCI
and TII were deposited in the presence of argon.

FIG. 3 shows deposition rates at constant crucible
temperature for KCl and TII as a function of argon
pressure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention has been used to successfully
prepare TH-KCI alloy layers of graded composition and
low optical absorption. While the invention is particu-
larly useful for the preparation of graded composition
protective layers for halide optical elements, it may be
used whenever (1) it is desired to depostt an alloy of at
least a first and second material and (2) the vapor
temperature of the first material is high enough to
cause decomposition of the second matenal.

For the purpose of describing the invention, TlI-KCl
alloy layers deposited on pure KCl substrates will be
described. It will be recognized, however, that other
substrate materials including NaCl, alkali halide alloys
such a KC]-KBr or KCI-RbClI or any number of other
substrate materials may be used. Similarly, aithough TII
1s selected as the material to be alloyed with KCl in the
protective layer, many other materials may also be
used. Some of these materials are described in the
co-pending application now U. S Pat. No. 3,959,548 by
Enrique Bernal G.

As described previously, initial attempts to form Tll-
KCl protective layers on KCl substrates resulted 1n
films having absorption coefficients which were much
higher than that for pure TII films discretely deposited
on KCl. This problem of higher absorption in the alloy
films was found to be due to a halogen deficiency in the
alloyed region of the protective layer. FIG. 1 1s a com-
position profile of the alloy film obtained by Auger
electron spectroscopy (AES). Composition is shown in
terms of Auger peak height, and distance from the
outer surface is shown in terms of sputtering time. FIG.
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4
1 clearly shows that the thallium to iodine ratio was not
constant, and that the film was.halogen deficient. The
higher optical absorption in the alloyed films deposited

In a vacuum was due to thrs halogen deﬁcreney in the

alloy region.
~ It has been dlscovered that the halogen deficiency

was due to the difference in temperature between the
relatively hot (475° C) KCl vapor condensmg at the
same time as the relatively cool (250° C) Tl vapor. The
KCl vapor apparently was causing the TiI to decom-
pose. - - o L
The present mventlon has overcome thls decomposr-
tion problem The present mventlon utilizes a tech-
nique known as “‘inert gas scattermg This technlque
has been used in the past for increasing the * ‘throwing
power” of vapor deposition systems and for increasing
thickness uniformity. See, for example, K.D. Kennedy,
et al, “Gas-Scattering and lon-Plating. Deposition
Methods”, Research/Development page 40, (Novem-
ber, 1971). The throwing power is the ablllty to coat an
irregularly shaped object. Inert gas scattering, however,
has not previously been used to inhibit decomposition
of one material of an alloy caused by the high vapor
temperature of another material of the alloy.

In the present invention, KCl and TII were deposited
In an inert argon atmosphere The films were prepared
by first evacuating the bell jar to-5X%1077 torr and then
admitting argon through a needle valve until the pres-
sure reached 1X1074 ‘torr. The “spectroscopically
pure” argon was first passed over an 850° C titanium
strip before admission into the bell jar in order to fur-

‘ther reduce. reactive contaminants. Argon pressures

higher than 1X10™* torr were obtained by throttling the
diffusion pump with the high-vac valve. -Bell jar pres-
sures over the range (1-10) X 107 torr were measured
with a standard ionization gage, and the pressure at the
diffusion pump inlet was monitored by a similar device.

The KCI and TII were co-deposited from two indepen-
dently heated  crucibles. The deposition rate versus
crucible heater current for the Tl crucible and for KClI
crucible were first determined. The two independent
crucible heater currents were then manipulated ‘during
deposttion. KCI alone was first deposited ‘onto a
cleaved single-crystal KCl substrate at room' tempera-

ture. After a period of time, the KCl deposition was

reduced to zero. During this transition period, the TII
deposition was smoothly increased to its predetermined
steady state value and maintained for the remalnder of
the deposition run. | ’
FIG. 2 shows an AES proﬁle of a TII- KCl protectwe
layer deposited by the method of the present.invention
in an argon atmosphere of 4X107* torr. The initial
deposit of KCI was about 500A thick, the alloy region
was about 1500A thick, and the pure TII reglon was

-about 1500A thick.

It can be seen that the protectwe layer umformly
varies from pure KCl to pure TII as a function of thick-
ness. It 1s also clear that the halogen deficiency prob-
lem has been overcome. The metal-halogen ratios for
both Tl and KC] are reasonably constant throughout.

Tests of the absorption coefficient of films formed by
the method of the present invention indicated that
halogen deficiency was the cause of the higher absorp-
tion coefficients in the vacuum deposited films. The
10.6 micron absorption of alloy films formed by the
method of .the present invention was not measurable
with out calorimeter when KCl substrates with absorp-
tion coefficients near 1X1073 cm™~! were used. The inert
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argon atmosphere was effective in mnhibiting decompo-
sition of T1I because it caused a reduction in the effec-
tive vapor temperature of each vapor species (i.e., TII
and KCl). This cooling was achieved by multiple colli-
sions with the inert gas, thereby reducing or eliminating
the decomposition problem.

As expected, the vapor deposition in the presence of
argon also increased the throwing power of the deposi-
tion system and resulted in more uniform films. This
greater uniformity results because the collision of the
argon with KCl] and TII molecules had a randomizing
effect on the direction of vapor deposition.

In order to determine the effect of argon pressure on
deposttion of TII and KCI, pure Tll and pure KCI films
were evaporated on KCI substrates in a tenuous argon
atmosphere at pressures from 1X1074 torr to 8X107¢
torr. The substrate temperature was 60° C, and the
cruciblesubstrate distance was 40 cm.

The films were clear and adherent up to pressures of
7%10~¢ torr, but at 8X10™* torr the TII films become
very cloudy. The deposition rate of each material 1s
lowered by the scattering effect of the argon as shown
in FIG. 3, but as a practical matter this can be compen-
sated for by increasing the crucible heater current.
FIG. 3 shows that KCl is scattered more efficiently than
TII, and this 1s to be expected because the K(Cl mole-
cule is significantly lighter than the Tl molecule. The
bell jar as well as the base plate of the deposition sys-
tem are rather uniformly coated by these materials at
argon pressures above 3X10™* torr, providing visual
evidence that a great deal of scattering 1s taking place.
The absorption at 10.6 microns for these films, as mea-
sured calorimetrically, was found to be unaffected by
the argon at pressures up to 6X107* torr. Based upon
these experiments, the preferred pressures when argon
is used in the present invention are about 1X1074 torr
to about 6X107 torr.

In conclusion, graded composition protective coat-
ings for halide optical elements have been prepared. By
depositing the materials forming the protective coating
in an inert atmosphere, low infrared absorption of the
films has been achieved.

Although the present invention has been described
with reference to a series of preferred embodiments,
skilled workers will recognize that modifications and
changes can be made without departing from the spirit
and scope of the present invention. For example, al-
though the specific atmosphere described has been
argon, it can be seen that other vapor species and pres-
sures may also be used. The requirements for the selec-
tion of the vapor species are that the material must not
react or co-deposit with the materials to be deposited.
Suitable vapor species will differ, therefore, depending
on the particular materials which will be deposited.
Vapor pressures will also differ depending upon the
particular materials chosen.
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The embodiments of the invention in which an exclu-
sive property or right is claimed are defined as follows:
1. In a method of vapor depositing an optical coating
which is an alloy of at least a first and a second halide
compound material, and wherein the vapor tempera-
ture of the first material is high enough to cause decom-
position of the second material, the improvement com-
prising:
vapor depositing the first and second materials in the
presence of a third vapor which does not chemi-
cally react or co-deposit with the first and second
materials; wherein the third vapor is present in an
amount sufficient to cause, as a result of collisions
between the vapor of the first material and the
third vapor, a reduction in the vapor temperature
of the first material to a temperature which will not
cause substantial decomposition of the second ma-
terial. |
2. The invention of claim 1 wherein the first material
is KCl. |
3. The invention of claim 2 wherein the second mate-
rial 1s TII. |
4. The invention of claim 3 wherein the third vapor 1s
argon.
5. The invention of claim 4 wherein the argon has a
vapor pressure of between about 1X107 torr and about
6X104 torr.
6. A method of preparing a protective coating for an
optical element of a first, water soluble halide material,
the method comprising:
vapor depositing the first material and a second,
water insoluble halide material in the presence of a
third vapor which does not react or co-deposit with
the first and second materials; wherein the vapor
temperature of the first material, in the absence of
the third vapor, is sufficient to cause decomposi-
tion of the second material, and wherein the third
vapor is present in an amount sufficient to inhibit
decomposition of the second material by reducing
the vapor temperature of the first material; and

decreasing the amount of the first matertal being
deposited while increasing the amount of the sec-
ond material being deposited until only the second
material is being deposited.

7. The method of claim 6 wherein the second mate-
rial is thallium iodide.

8. The method of claim 7 wherein the first material is
of the group consisting of alkalh halides and alloys
thereof.

9. The method of claim 8 wherein the first material is
potassium chloride.

10. The method of claim 9 wherein the third vapor 1s
argon.

11. The method of claim 10 wherein the argon has a
vapor pressure of between 1X107* torr and about

6X10~% torr.
% L - * ¥
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